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MILITARY SPECIFICATION

RESISTOR, VARIABLE , UIRE-WUND
(LW OPERATING TEMPERATURE),

GENERAL SPECIFICATION FOR

This specification is approved for use by all Depart-
ments and Agencies of the Department of Defense.

1. SCOPE

1.1 -. This specification covers the general
element of wire, wound on an insulating strip shaped
resistance element when adjusted by a control shaft.
an -ient temperature of +40”c and are suitable for
meximun temperature of +105”C.

requirements for variable resistors having a resistance
in an arc, so that a contact bears uniformly on the

These resistors are capable of ful 1 toad operation at
continuous’ operation uhen properly derated, at a

1.2 Classification.

1.2..1 Part or ldentifyinq Nurber (PIN~. The PIN is identified in the foltowing form and as specified
(see 3.1 and 6.1):

.~ ~.1!.7” ~ ~
I

I
--&&~ ~

Res i stance Characteristic

(1.2.1.1)’ (1.2.1.2) (1.2.1.3) shaft (1.2.1.5) (1.2.1.6)

(1.2.1.4)

1.2.1.1 StJ&. The style is identified by the trio, letter synbol “RA” fol ~owed by a two-digit n~r; the
letters identify 10M operating-temperature, wire-wound, variab(e resistors and the nmber identifies the
size and pwe’r rating.

1.2.1.2 Bushinq. The type of bushing is identified by a single letter in accordance ~ith tab(e I.

TABLE 1. Bushing.

1 Syllbot I Bush i ng

I N I Standard
L Locking I

I s I Shaft and pane[-sealed (standard)
T Shaft and pa nel-sealed (locking)

Beneficial comnents (recmmnendationa, additiona, deletions) and any pertinent data uhich may be of
use in irproving this docunent should be addrassed to: US Army Research Laboratory AlTN: AMSRL-EP-RD
Fort Monnouth, NJ 07703-5302 by using the Standardization Docunent Improvement Proposat (DD Form 1426)

appearing at the end of the docunent or by letter

I I

AHSC N/A FSC 5905

D ISTRIBUT 10N STATEMENT ‘A. Apprpved for public release; distribution is un~imitd.

I
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MI L-R-19C

1.2.1.3 Suitch. The type of attached sui tch or absence of a
accordance with table II.

TABLE’ II. Switch.

suitch is identified by a single letter in

,’.

Syllbol I Switch
I

~“Single pole, single throw switch

~ For replacement purposes only. Not to be
used for new design.

1.2.1.4 O~ratinq shaft. The operating shaft styles are identified by a two letter symbol. The first
letter indicates operating shaft in accordance with table 1 I 1, and the second letter indicates operating

shaft length, aa specified (see 3.1).

TABLE 111. ‘Style of coe ratirm shaft.

“ “s’” “ ““

,i
.,

1.2.1.5 Resistance. The nominat total resistance value expressed in ohms is identified by a three digit
rsmber; the first tuo digits represent significant figures and the last specified the t-umber of zeros to
follon. when fractional va~ues of an ohm are required, the letter ‘lRti shal 1 be substituted for one of the

significant digits to represent the decimet point, aid succeeding digits of the group sha 11 represent

significant figures; e.g., 3R0 si9nifies 3.0 ohms. . .
,.

1.2.1.6 Resistance characteristic. The resistance characteristic is identified by a singie letter in

accordance ui th table IV.

,“ TABLE Iv. Resistance characteristic.,

, 1 1

$mbol Resistance taper Resistance
toterance

,,

Percent. (t)

A A 10 “

c c, 10

E F 10

,“

.

1.2.1.7 Examde of PIN. The PIN RA20NASK502A signifies:
,.

RA20 -

N-
A-

.
. .

5; -
A-

A 2 watt, low operating temperature, nire-wourd, variable resistor of the dimensions

specified (see 3.1).
Standard 0.375 ~hing. : ‘,
No snitch. ‘“ ,’ :,.
Slotted shaft 2.5 inches ,Iong.
Nominal total resistance value of 5,000 ohms.
LitWar taper with resistance tolerance of, *1O

,.
,., ,

,.

2

!.

.!

percent.

,,

,’

,.

,.
,.

I
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2.1

MfL-R-19c

APPL I CA8LE DOCUMENTS

Govemnent docunents.

2.1.1 $= if i cations. standarda. imd handbooks. The following specifications, standards, and handbooks,
form a pert of this docunent to the extent specif i ad herein. Unless otherMise speci f i ad, the issues of
these doctments ere those 1 isted in the issue of the Department of Def enae Index of Specifications and
standards (D@ISS) and s~lement thereto, cited in the Solicitation (see 6.2).

SPECIFICATIONS

FEDERAL

QQ-S-S71
. . QQ-B-654

MILITARY

MIL-R-19/l
MIL-R-19/2
MlL-R-l 9/3
MIL-R-39032

STANDARDS

FEDERAL

FED-STD-H28

MILITARY

MIL-STD-202
MIL-STD-45882

.

.

Solder, Tin alloy Lead-Tin alloy and Lead alloy.
Brazing Alloys, Silver,

Resistom, Vsriable, WMvound (Low Operating Temperature), Style Ml O.
Resistora, Variable, Whvmund (Low Operating Tampersture), Style RA20.
Resistors, Variable, Wirewound (Low Operating Temperature), Style RAW
Resistors, Packaging of.

Screw Thread Standards for Federal Sarvices.

Teat Methods for Electronic and Electrical Component Parts.
Calibration Systams Raqukements.

(Unless otherwise indicated, copies of federal and mi 1 i tary speci f i cat i ona, standards, and handbooks are
avai lab(e fran the Standardization Docunents Order Desk, Building 40, 700 Robins Avenue, Phi ladelphia, PA
19111 -5094.)

2.2 Order of crecadence. In the event of a conf 1 i ct betneen the text of this docunent and the references
cited herein (except for associated detai 1 specificationa,.specification sheets , or K standards), the text

of this docunent shal I take precedence. Nothing in this apeci f i cat i on, ho~ever, supersedes sppl i cable laws
and regulations utless a specific exen’ption has been obtained.

3. REQUIREMENTS

3.1 Associated detail specifications. The individual part requirements shall be as specified herein and
in accordance ni th the aW( i cable associated detai 1 specifications. In the eveht of a conf 1 ict between
rqirements of this specification and the detail specifications, the latter shall govern (see 6.2).

3.2 Wa(if i cation. Reaistora furnished uder, this apacif icatim shal 1 be products which are authorized
by the cpatifying activity for listing on the applicable qualified products list at the time of award of
contract (ace 4.4 and 6.3).

3.3 Material. The matarial ahat~ be as specified herein. However, uhen a definite material is not
apecff ied, a material ahal 1 be used which wi 11 enable the resistors to meet the performance requirements of
this specification. Acceptance or approval of any constituent material sha[ 1 not be construed as a guaranty
of the acceptance of the finished product.

3.3.1. Ferrous metals. Unless specifically approved by the Government, the use of ferrous
material, with the exception of corrosion resistant steel in the resistance element, is prohibited.

3
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3.4 Desi!!n and construction. Resistors shal
specified (see 3.1).

MI L-R-19C
,,

be of the design, construction, and physical dimensions ,
,,

3.4.1 Uindincw. The resistance element shall consist of a uinding of resistance wire or. ribbon, on a
suitable form, which sha 1.1 not char or break down at any ctiinat i on of temperatures arwd loads speci f“i ed
herein. The element shall be Hound in a manner to conform with the s@cified taper. Joints, Melds, and
boI@s shall be held to an absolute m’ininn.rn.

3.4.2 Resistance wire. The resistance uire used shal 1 possess a substantial iy uniform cross section of
conductor., The wire shall be as free as practicable frcin particles of i~rity and grain growth or other
factors contributing to stop weakness. In no case shal 1 the Hire diameter or ribbon thickness be less than
.00175 inch (0.0445 mn) nomina( before uinding or less than, .00156 inch (0.0396 mn) absolute miniman after
winding.

3.4.3 Operating shafts. Operating shafts shal [ be made of corrosion resistant metal or metal uhich has
,.

been plated for corrosion resistance, and shall be electrically insulated from current carrying parts. The
slotted pertion, dianwter, and length of the operating shafts shall be as specified (see 3.1). In all
caaes, operating shafts shal 1 be of such length that the slot depth wi 11 not interfere .uith shaft retainers.

,3.4.4 Rotation. The tota[ mechanical rotation and electr!~cal’ rotation sha(l be defined on figurel, and
as specified (see 3.1). The theoretical electrical rotation of resistora with switches shat [ ~’ equat to
the rotation from the stop at the end opposite the sui tch to the point where the members just engage to
actuate the witch to the Clofftl position. ,,

3.4.4.1 Clockwise taper. A clockwise taper is a resistance taper in which the resistance varies
approximately as shown on figure 2, increasing as the rotation angle increases in a clockuise direction as
viewad frcin the operating ahaft, and measured between the Left terminal and the rotating contact terminal,
indicated as 1 ami 2, respectively, on figure 1.

3.4.4.2 Counterclockwise taxr. A counterclockwise taper is a resistance taper, in which the resistance
varies approximately as shown on figure 3 increasing as the rotation angle increases in a counterclockwise
direction as viewed f rwn the operating shaft, and measured between the right terminal and the rotating
contact terminal indicated as 3 and 2, respectively, on figure 1. ,“

3.4.5 Contact-arm assemb~y. Contact pressure on the resistance element ahal [ be maintained uniformly by
positive pressure and shal 1 be such as to permit smooth electrical and mechanical control of the resistor
over the entire range of electrical rotation (see 3.1) Hi thin the resistance rating. The rotating contact
shal ( have cent inuous electrical contact with its terminal through the entire mechanical rotation and shal 1
be electrically insulated from the operating shaft, bushing, and resistor housing. ,.

3.4.5.1 m. A stop shall be employed to limit the mechanical rotation of the contact-arm assembly.

3.4.6 Terminal s.” Resistors and attached switches shal 1 be supplied ~ith external terminal lugs or
terminal lugs of such size and styles as to permit accommodating ard soldering of three .032 inch (0.81 IMI)

,diameter (AUG size 20, stranded) uires for resistors with .250 inch (6.35 mn) diameter operating shaft; amd
three .025 inch (0.64 mm) diameter (AbJG 22 solid) wires for resistors’ Hith .125 inch “(3.18 mn) diameter
operating shafts. Terminals shall be suitably treated. to facilitate soldering. ,’

3.4.6.1 Solder di~ (retinninq) 1cads. The manufacturer may so~der dip/retin the leads of product
supplied to this specif i cat ion provided the solder dip process has been approved by the qual i,fying activity.
The manufacturer shal 1 maintain a solder purity in accordance with table V, during the tinning process.

,,
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TABLE V. Contamination 1 imits.

Contamination

Copper
Gold
Cacini un
Zinc
Aluninun
Ant, imony
Iron
Arsenic,
Bikmuth
Silver

Tinning percent
by weight ~/

0.750
0.500
0.010
0.008
0.008
0.500
0.020
0.030
0.250
0.750

I Nickel I 0.250 1
~/ This is a fixed percentage by

weight of the solder. ,.

MECHANICAL ROTATION

SUITCH
ROTATION—

SUITCH /
OFF ~

‘/

FIGURE 1. Definition of rotation (shaft end vieu}.

5

Source: https://assist.dla.mil -- Downloaded: 2016-11-03T18:03Z
Check the source to verify that this is the current version before use.



,,,,

MI L-R-19C

u

0-3
w
a

u.
o

.,

:“’

100

80

60

50
40

20

10

0

w
o 20 40 5060 80 100

PERCENT OF” ELECTRICAL ROTATION

CLOCK~ISE ROTATION-

LEFT TERMINAL RIGHT TERMINAL
(TERMINAL 1 “(TERMINAL 3

SEE FIGURE 11 “ SEE FIGURE 11

FIGURE’ 2. Clockwise tawr.

u. 20
0
~ 10
i% o

\ , TAPER TOLERANCE

\

g ‘1OO 80 605040 20 O’
w
n

PERCENT OF ELECTRICAL ROTATION

*COUNTERCLOCKWISE ROTATION

LEFT TEWINAL RIGHF TERHINAL
(TEFUIINAL 1 (TEWINAL 3

SEE FIGURE 11SEE FIGURE 11

FIGURE 3. Counterclockwise tamr.
,. ,..

6

,,,Source: https://assist.dla.mil -- Downloaded: 2016-11-03T18:03Z
Check the source to verify that this is the current version before use.



MI L-R-19C

3.4.6.1.1 Qualifvinq activity approval. Approva 1 of the solder dip process ui 11 be based on one of the
following options:

a.

b.

Uhen the original lead finish qualified uas hot solder dip lead finish 52 of UIL-STD-1276 (NOTE: The
200-microinch maximun thickness is not applicable). The manufacturer shal 1 use the same solder dip
process for ret inning as is used in the original manufacture of the product.

Uhen the lead originally qualified was not hot solder dip finish 52 of FIIL-STD-1276 as prescribed ‘in

(3.4.6 .l.la), approval for the process to be usad for solder dip shall be based on the following
teat procedure:

(1)

(2)

(3)

Thirty sanp(es of any resistance value for each style and lead finish are subjected to the
nmufacturer% solder dip process. Fol louing the solder dip process, the resistors are
subjected to the dc resistance test (and other group A etectricals). No defects are al lowed.

Ten of the 30 samples are then subjected to the solderabi [ ity test. No defects are al low+.

The remaining 20 sanples are subjected to the resistance to so[dering heat test fol low-d by
the moisture ‘resistance test. No defects are al lowed.

3.4.6.1.2 Solder diD retinning options. The manufacturer may so(der dip/retin as fol lows:

a.

b.

3.4.7

3.4.8

After group A tests. Fol lotiing the solder dip/ret inning process, the electrical measurements
required in group A, subgroup 1, tests shal 1 be repeated on the lot. The group A, subgroup 1, tot
rejection criteria shall be used. Following these tests, the manufacturer shat 1 sutxnit “the [ot to
the group ,A solderabi lity test as specified in 4.6.17.

As a corrective action if the tot fai 1s the group A sotderability test.

So[der. Solder for electrical comections shall be in accordance uith QQ-B-654 or QQ-s-571.

Harduare. Each resistor shal 1 & furnished uith a corrosion-resistant, internal tooth tockuasher,
a hexagonal mounting nut, and a locking nut of the size specified (see 3.1). Harduare shal 1 not be
assembled on the resisto~ unless otheruise specified (see” 6.1). For direct Goverrfnent orders, hardware
shal 1 be assembled on the resistor. ,.

3.4.8.1 Standard bushings. Uhen standard bushings are specified, the bushings shal 1 be as shoun for the
applicable style of resistor (see 3.1).

3.4.8.2 Locking bushings. Uhen locking bushings are specified, the bushings shal 1 be as shoun for the
applicable style of resistor (ace 3.1).

3.4.8.3 Nonturn device. A nonturn device shal 1 be furnished on resistors, which ui 11 prevent their
rotation ~ith respect to the surface on ~hich they are mounted. The location of the nonturn device and its
widest dimension shall be as specified (see 3.1). If the nonturn device is not synnetrical about its
vertical axis, it shal 1 be so placed that a plane passed perpendicular to the widest dimension and thrwgh
its center shal 1 pass through the axis of the operating shaft, and shall be an integral part of the resistor
or permanently attached thereto.

3.4.9 Threaded Mrts. Al 1 threaded parts shal 1 be in accordance uith Handbook H-28 and as specified
(see 3.1).

3.4.9.1 Securing of screus. nuts, ard threaded parts. At ( screw-thread assenbl ies shal 1 be made
resistant to loosening under vibrat i on.

3.4.10 Protective housinq or enclosure (when aped icab(e see 3.1). The resistance element of completed
resistors shai 1 be protected by a housing, or an enclosure, or both, uhich shal 1 completely cover the
exterior of the resistance element. The protective housing or enclosure shal 1 be free from holes,
fissures, chips, or other faults, and shal 1 be such as to minimize the establishment of Leakage paths ‘.
between termina[s, resulting from CO1 lection of moisture film on the exterior surface of the housing or
enclosure. If the housing is made form an aluninun alloy, it shall be properly protected against corrosion,
and a[ 1 fasteners shal 1 be suitably plated. Unp[ated copper alloy metals shall not be used in contact uith
aluninun.

?
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3.4.11 Shaft and “banel seals. when shaft, and panel seals are specified (see 3.1), the,’panel seal WY be
an integral part of the resistor o,r may be detachab~e. .,

3.5 Votta9e rating. The theoretical catcutated rated continuous working voltage or the voltage
equivalent to proper .,rating (rated uattage) shall be determined from the following formula: .

E=~R ‘ . .
1

Where:
E = Rated or root mean square (rms) continuous working voltage.
P = Power, rating.

,.

.R = Nominal tota( resistance.

,,

3.6 Power ratinq. The resistors shall have a power rating based on continuous ful 1- load operation at
ambient temperature of +40” C. The power rat ing is dependent on the abi 1 ity of the resistors to meet the
requirements specified in life test. For temperatures in excess of that specified, the load’ shall be
derated as shown on figure 4. Power rating as specified, (see 3.1) is applicable only when the maximm
resistance is engaged in the circuit. When only a portion of the resistance etement is engaged in the
circuit, the power rat ing is reduced in approximately the same proportion as the engaged resistance.

z
w

‘,, u
a
w
a

,,
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3.7 Dielectric withstanding voltage. Uhen” resistors or s~itches, as
4.6.2, there shall be no evidence of damage, arcing, or breakdoun. The
mil[ianpere.

required, are tested as specified in,

leakage current shall not exceed 1

3.8 DC resistance (see 4.6.3/.

3.8.1 Total resistance. Uhen resistors are tested as specified in 4.6.3.1, the total direct-current (de)
resistance shall equal the nominal resistance value plus or minus the resistance tolerance.

3.8.2 Resistance taDer. A linear resistance taper is one having a constant change of resistance ~ith
angu[ar rotation. A nonlinear resistance taper is one having variation or lack of constancy in the change
of resistance ~ith angular rotation. When resistors are tested as specified in 4.6.3.2, the resistance
taper shal( conform in general shape to the nominal curve shoun on figures 2 or 3, as applicable. The angle
at which any percent of measured resistance is effective shall be ~ithin t5 percent of the total effective
electrical rotation of the specified position as shown on figures 2 and 3, for tapera A and c and taper F,
respectively (see 3.1).

3.8.3 Hinimun resistance. Uhen resistors are tested as specified in 4.6.3.3, the resistance measured
bet~een the rotating contact arm terminal and the adjacent resistance-element terminal shall not exceed the
applicable value listed in table VI.

‘TABLE VI. Minimum resistance.

3.9

Total resistance, Uaximun resistance at minimun setting
ncininal

All styles with .250 All styles with .125
inch diameter shaft inch diameter shaft

~ *. Percent

Up to and including
15 5.0
Over 15 3.0

3 to 50 incl. 0.3
51 to 100 incl. 0.5 ~
over 100 0.2 percent of the

nominal resistance
value or 1.0 ohm
whichever is greater

Torque (see 4.6.4).

3.9.1 berating. Uhen resistors are tested as specified in 4.6.4.2, the torque requir&i to rotate the
contact arm shall be as specified (see 3.1). An additional torque of 15 ounce-inches shall be permitted for
operation of attached s~itches.

3.9.2 ~. When resistors are tested as specified in 4.6.4.3, resistors shall withstand the stop torque
specified (see 3.1) without damage to the contact arm, stop and nonturn device.

3.9.3 Locking. When resistors are tested as specified in 4.6.4.4, resistors with locking txrshings shall
withstand the locking torque specified (see 3.1), without damage to the bushings, threads and nonturn
device. The resistance value shall, not change in excess of 3 percent of the total resistance value.

3.10 Lou tame rature storage. Uhen resistors are tested as specified in 4.6.5, the msximun change in
resistance shall not exceed i4 percent.

3.11 Low t emerature operation. Uhen resistors are tested as specified in 4.6.6, the torque requird”to
effect rotation of the contact arm shall not be greater than 40 ounce-inches. This includes switch action,
if attachad. The msximun change in resistance shall not exceed t4 percent..

9
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3.12 Thermal shock. Uhen resistors are tested as specified in 4.6.7, resistor shall shou no evidence of
mechanical damage and the change in resistance sha I I not exceed *4 percent.

3.13 Load (ife. Uhen resistors are tested as specified in 4.6.8, the msximun change in resistance shat 1
not exceed 3 percent..

3.14 Salt sm-ay ( corrosion). When resistors are tested as specified in 4.6.9, resistors shal 1 show no
evidence of marked corrosion., The resistors shak t be mechanically operative and electrically, continuous
through al 1 three terminals, over the total mechanical rotation, and shal 1 shou no di sturbsnces of the
ground connection to the marking panel.. ‘,

3.15 moisture resistance. When resistors are tested as specified “in 4.6.10, resistors shalt no evidence .
,,

of mechanical damage, and the msximun change in resistance sha~ 1 not exceed 10 percent. The insulation
resistance ahal 1 be not less than 3.5 megohms. ,,,

3.16 Resistance to soldering heat. Uhen resistors are tested as specified in 4.6~11, resistors shatl
show no mechanical damage and the change in resistance shal 1 not exceed 2 percent.

3.17 Rotational life. When resistors, are tested as specified in 4.6.12, the permanent change, in
resistance shal 1 not exceed 5 percent, nor shal 1 proper contact be broken during or as result of the test.

3.18 Suitch life. Uhen resistors are tested as specified in 4.6.13, switches shall make; carry, and
break, without damage, the specified current. The contact resistance sha[ ( not exceed 0.05 ohm.

3.19 lnsutation ‘resistance. Uhen resistor are tested as specified in ,4.6.14, the insulation resistance
ahal 1 not be Less than 100 megohms.

,,
,,

.,
3.20 Shock (smcified mlse~. Uhen resistors are tested as specified in 4.6.15, there shall be no open

circuit or intermittent contact; movement of the contact arm shal 1 not result in a resistance change greater
than 10 percent; the total resistance shal 1 not change in excess of 2 percent; and there shal 1 be no
evidence of mechanical damage. ,,

3.21 Vibration. high frequency. Uhen resistors are tested as specified in 4.6.16, there shall b no open
circuit or intermittent contact; movement of the contact arm shal 1 not result in a resistance change greater
than 10 percent; the total resistance shal i not change in excess .of 2 percent; and there shal 1 be no
evidence of mechanical damage.

3.22 Solderabi lity. Uhen resistors are’ tested as specified in 4.6.17,” resistors sha[ 1 meet the criteria
for tab evaluation in the test method.

3.23 Fungus . All external materials ‘i+hal 1 be nonnutrient to fungus growth or shal 1 be suitably treated
to retard fungus growth. The manufacturer shal 1 verify by certification that al 1, external materials are
fungus resistant or shall test resistors as specified in 4.$.18. There shal 1 be no evidence of fungus
growth on the external surfaces. ,,

3.24 Barking. Resistors shal 1 be permanently marked with the PIN and the manufacturer’s name or trade
mark. If sgiace permits, the resistance in ohms shal 1 also be marked. The PIN shall be marked on either the
rear or the periphery, of resistors. There shal 1 be no space b&ween symbots which comprise the PIN. If
lack of space requires it, the PIN may be set in tuo lines. In this event, the PIN shall be divided between
the temperature and nmisture:resi stance characteristic and shaft designations, .as shown in the .fol lowing
example:

,’
RA30NA .,

SK1 03A

Harking shat[ remain legible at the end of all tests.

3.25 Uorkmsnship. Resistors sha[ [ be processed in such a manner as to be uniform in quality and shal 1 be
free frcm holes, fissures; ‘chips, corrosion, ard malformation. The terminals shal 1 be unbroken, ard not
crushed or nicked, and the’ resistors shal I be free frcm defects that Hi 11 af feet, 1 ife, serviceabi 1 ity, or
appearance.

,,
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3.25.1 So[derinq. Soldered comections shal 1 be neat. ,There shal 1 be no sharp points or rough surfaces
resulting from insufficient heating. The solder shal 1 feather out to a thin edge, indicating proper flowing
and me[ting action, and shal I not be crystallized, overheated, or underheated. The minimun necessary amount
of flux and solder shall. be used for electrical connections. Wherever pract i cab(e, excess rosin shal 1 be
removed with a wire brush and then a dry cloth. Any resulting loose flakes of rosin shal 1 be removed.
Insulation material that has been subjected to heating during the soldering operation shal [ be @amaged and
parts fastened thareto shal 1 not have become loosened.

3.25.2 b/eldinq and brazing. Where welding and brazing is employed, the electrical connections shal 1 be
mechanical ly secure and electrically continuous after Melding 01
substantial 1y noncorrosive fluxes shal 1 have been used, unless
been satisfactory ly removed after brazing.

3.25.3 Riveting. Uhen required, the riveting operation shal
rivets are tight and satisfactory iy headed.

brazing. Where brazing is employed only
t can be shoun that corrosive elements have

be carefully performed to ,assure that the

● 4. WALI TY ASSURANCE PROVISIONS

4.1 Resmnsibility for in.mection. Unless otherui se speci f i ad in the cent ract or purchase order, the
contractor is responsible for the performance of al 1 inspection requirements (examinations and tests) as
specified herein. Except as otherwise speci f i ad in the contract or purchase order, the contractor may use
his oun or any other faci [ i ties suitable for the performance of the inspection requirements specified
herein, unless disapproved by the Goverrrnent. The Goverrsnent reserves the right to perform any of the
inspections set’ forth in this specification ~here such inspections are deemed necessary to ensure supplies
and services conform to prescribed requirements.

. .

4.1.1 Resmnsibility for c onm[iance. All items shall meet all requirements of section 3 and 5. The
inspection set forth in this specification shall be become a part of the contractor~s overall inspection
system or quality program. The absence of any inspection requirements in the specification shal 1 not
relieve the contractor of the responsibi 1 ity of ensuring that al 1 products or supplies submitted to the
Government for acceptance comply Hi th al [ requirements of the cent ract. Sanpl ing inspection, as part of the
manufacturing operat i ens, is an acceptable practice to ascertain conformance to requirements, however, this
does not authorize submission of knoun defective material, either indicated or actual, nor does it comnit
the Goverrunent to accept defective materi a 1.

4.1.2 Test eauimne nt and inspection facilities. Test and measuring equipment and inspection faci I i ties
of sufficient accuracy, quality and quantity to permit performance of the requird inspection shal ( be
established and maintained by the supplier. The establishment and maintenance of a cat i brat ion system to
contro( the accuracy of the measuring equipment shal 1 be in accordance Hi th HI L-sTD-45662.

4.2 Classification of inspections. Inspection requirqwts specified herein are classified as follow:

a. Qualification inspection (see 4.4).

b. Quality conformance inspection (see 4.5).

4.3 Inspection conditions. Unless otherwise specified herein, al 1 inspections shal 1 be performed in
accordance uith the test conditions specifid in the l]GENERAL REWIREHENTSI1 of III L- STD-202.

4.3.1 Precaution. Adequate precaution shall be taken during inspection to prevent condensation of
moisture on resistors, except during the thermal shock, and moisture resistance tests.

4.4 Qualification inmection. Qualification inspection shal 1 be performed at a laboratory acceptable to
the Government (see 6.3).

4.4.1 Samde size. The nwber of sample units comprising a sanple of resistors to be submitted for
qualification inspection shall be as specified in the appendix to this specification. The sqle shall be
taken from a production run and shat 1 be produced ui th equi~nt and procedures norms 11 y used in product i on.
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TABLE VI 1. Qualification inspection.

Examination or test

-

Visual and mechanical examination ~/

Dielectric withstanding voltage .
DC resistance ~
Torque

GrOUD I I

Lon ten’perature storage
Lou temperature operation
Thermal shock

GrouD 111

Load life
Satt spray (corrosion)

Group IV

Uoisture resistance

- .“

Resistance to soldering heat
Rotational life
S~itch life ~/
Insulation resistance

Group VI .,

Shock (specifid pu[se)
Vibration,: high frequency

GrOUD VII

Solderabi Ii ty

Group VIII

Fungus

~/ Failure of an individual resistor
as a single defective.

Requirement
paragraph

3.3 to 3.4.11
3.24 to 3.25.3
inclusive

3.7
3.8
3.9

3.10
3.11
3.12

,.
3.13
3.14

3.15

3.16
,. 3.17

3.18
3.19

3.20
3.21

3.22

3.23

Method
paragraph

4.6.1

4.6.2
4.6.3
4.6.4

4.6.5
4.6.6
4.6.7

4.6.8
4.6.9

4.6.10

4.6.11
4.6.12
4.6.13
4.6.14

4.6.15
4.6.16

4.6.17

4.6.18

[*r of failures

7
+1

J,

g-l

,,
. .1,.

T’

2

I
l’,

.,

I
I2

) one or more tests of a test group shall be charged

Harking ~hall, be considered defective only if ‘it is illegible after completion of any of
the re&ired inspection.
Not applicable to locking bushings type resistors.

.,
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TA6LE VIII. Qualification insoec tion for iockindxtshinq-twe resistors. 1/

I
1

Exeminat i on or test Requirement

~
Grow I

Vis@l and mechanical examination ~ ,.

I
DC resistance
Torque I
Q!!L!.L I

I
I Hoistura resistance I

Grouti 111

Resistance to soldering heat
Rotational life
Insulation resistance

3.3 to 3.4.11
incl, and 3.20
to 3.21.3

3.8
3.9

3.15

3.16
3.17

,3.19,., t

!fethod I Ntmbar of fai I
paragraph allowed ~

4.6.1

4.6.3
4.6.4

4.6.10

4.6.11
4.6.12
4.6.14

1

i I

This inspection is applicable only to 12 additional locking-bushing-type resistors when subnittedu’—
ui th standard-bushing type.

~ Fai lure of an individual resistor in one or more tests’ of the test groq Hi 11 be charged as a
single defective.

~ Harking will be considered defective only if the marking is iltegibte after completion of any of
tha required inspections.

4.4.2 Test routine. Sanple units shall be s&jected to the quetification inspection specified in
table ‘VI I or VIII, in the order shorn. All s.snpte mits shall be stijected to the inspection of group 1.
The specimens shall then be divided into groups in accordance with tab~e XVI or XVI 1 as applicable, ad
subjected to the inspection for their particular group. For c-ined-type submission, the inspection
routine shall be in accordance with the appendix to this .specification.’

4.4.3 Defective. Defectives’in excass of those allowed in table VII or VIII will be cause for refusal
to grant qualification.

4.4.4 Retention of qualification. To retain qualification, the s@plier shall forward at l-year
intervals to the qualifying activity, a summry of the results of 9rouP A end B tests, indicating as a

,miniussn the ntsdxr of lots that have passed and the nuhar that have failed, and a suunery of the rasults of
grq c tests, including the *r and type of any part fai!ures. Tha SUMWY of the test shali i~(~e
those tests performed during that 1 year period. If the sumnery of the test results indicate nonconformance
with specification requirements, action will be taken to remove, the faiting product from the qualified
products list. Failure to submit the sunnsry shall result in the loss of qualification for that product.
In addition to the periodic sulxnission of inspection data, the supplier shall immediately notify the
qualifying activity at any time during the 1 year period that theinapection data indicates failure of tha
qtalified product to meet the requirements of the”specification.

4.5 Walitv confoimsnce. .,

4.5.1 lnsDection of moduot for delivew. Inspection of product for delivety shall consist of the
groups A and B inspection.

13
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4.5.1.1 Inspection lot. h inspection lot, as far as practicable, shal( consist of al L resistors of the
saw style produced under essentially the same conditio&; end offered for inspection at one time. Sea 1ad
resistors shalt, ‘hot be inciudac, in the same tot with maealed resistors. A lot may include more than one
order. ,..

4.5.1.2 Gro UCI A in&ection. Group A inspection shal 1 COttSiat of the eXSMifIStiOtl and tests specified in
table 1X, and shal 1 be made ~ the same set of sen@e tmits,, i’n the order shown. ,.

4.5.1.2.1’ s- ling D [an.

4.5.1 .2.1.1 Subgrouo 1. A senple of parts from each inspection lot shall be randomly selected in
accord&ce tti th teb~e X. If one or more defects are f cmd; the lot shal 1 be screened and daf ect ives
removed. After screening and removal of defective a mu seIi@e of parts Shai i be ra?tdOMIY selected in
accordance ui th table X. If one or more defectsare frwxl in this sacwd seuple, the lot shall be rejected
end shall not,be st+p[iedto this specification. Resistance vat~ in the sa!ples shal 1 be representative,
end where possible, in proportion to the resistors in the inspection lot.

4.5.1 .2.1.2 Sutmrom 2. A sa@e of parts from each inspection Lot shalt be randrxnly se(ected in
accordance with table X. If one or more defects are fouxl, the tot shat 1 be screened and defective
removed. After screening and removal of defective, a neH sanpte of perts’ahal 1 be ramkotiy selected “in
accordance ui th table X. If one or more defects are fotsd in this second st!mple, the lot shall be rejected ‘
end shall not be supplied to this specification.

4.5.1 .2.1.3 Suboro w 3 (solderabi [ ity).

4.5.1 .2.1.3.1 Sanulinq vlan. Thirteen sanples shai 1 be selected randtily from each inapecti~ lot and
subjected to the subgroup 3 solderabi [i ty test. 1f there are one or more defects, the lot shal 1 be
cor@iderad ,to have fai led.

4.5.1 .2.1.3.2 Reiected lots.
,,

In the event .of ~one or more defects, the inspection lot is rejected. The
manufacturer w use one of the. fot (owing options “to retfork the tot:

‘a.

b.

Each production lot that uas used to form the failed inspection lot shal 1 be individual lY sulxnitted
to the solderabi (ity test as required in 4.6.1.7. ‘ Product ion lots that pass the sol’derabi 1 i ty test
are avai Iable for shipnent. Production lots fai 1 ing the solerabi 1 ity test can be reworked only if
submitted to the solder dip procedure in ‘4y5.1.2.1.3.2b. ”’ ,,

The manufacturer submits the fai led lot to a’ 100 Pert’ent solder dip using an approved solder dip
process in accordance Hi th 3.4.6.1. Follouing the solder dip, the” electrical, &asurements r~irad
in group A, subgroup 1 tests shal 1 be repeated on the lot. Thirteen additional sanples shal 1 than.

be selected and subjected to the solderabi ljty test with zero defects al lowed. If the Lot fai 1s the
solderabi 1 ity test the lot sha( 1 be rauorked a secqnd time and retested. If the lot fai 1s the
second reHork, the lot sha 11 be considered rejected and shal [ not & f urni shed against the
requirements of this, specification.

,,,,
4.5.1 .2.1.3.3 Disposition of sandes. The solderabi 1 i ty test is, considered e destructive test and

senples sutanitted to the so~derabi 1 ity test shal 1 not be s~tied w the c~tract.

4.5.1.3 Gro m B inspection. Group B inspection sha[[ consist of the tests sbecified in table XI, in the
order sho~n, and the senple shal 1 be selected f ran inspection lots that have passed group A ‘inspection.

4.5.1 .3.1 S&nlinq elan. A sanple of parts shal 1 be randomly selected in accordance with table XI 1. If
one or more defects are found, the lot shal 1 be screened and def ect.ives. rmv~. After screenin9 and
removal of defactives, a new san@e of parts shall be r-ty sete’cted in’ accordance with table’ XI 1. [f
one or more defects are found in the second sanple, the lot’ shat 1 be not supplied to this specification.

.,
,, ,
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TABLE IX. Group A inspection.

Examination or test Requirement Hethd Sanpling
paragraph ‘ paragraph plan

Sub9rouD 1

Dielectric ~ithstanding voltage 3.7 4.6.2.1 See
(atmosphere c pressure) 4.5.1 .2.1.1

Total resistance 3.8.1 .4:6.3.1 J

Subctroup 2

Visual and mechanical examination 3.3 to 3.4.11 4.6.1 1 See
3.24 to 3.25.3 4.5.1 .2.1.2
inclusive

Su&roup 3

See
So[derabi [ i ty . 3.22 4.6.17 4.5.1 .2.1.3

TABLE X. L%OUD A sampling plan.

Lot size

1 to 12
13 to 90
91 to 150

151 to, ~ 280
281 to 500
501 to 1,200

1,201 to 3,200
3,201 to 10,000

10,001 to 35,000
35,001 to 150,000

150,001 to 500,000
500,001 and over

Subgroup 1
sampling plan

100 percent
100 percent

125
192
192
192
192
192
294
294

,345
k35

Subgroup 2
sampling plan

100 p&cent
13
13
20
29
34
42
50
60
74
90

102

TABLE XI. Group B in.smection.

Examination or test Requirement Hethod
paragraph paragraph

Dielectric ~ithstanding voltage
(reduced barometric pressure) 3.7 4.6.2.2

Resistance taper 3.8.2 4.6.3.2
Torque 3.9 4.6.4

15
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TABLE XI 1. Group B sanmling D lan.

Lot size Subgroup 1 Subgroup 2
“sample size sample size

lto25 .3 5

26 to 50 5 5
51 to 90 6. ‘5

91 to 150 7’ 5

151 to 280 10 5

281 to 500 11 5,
501 to 1,200 15 5

1,201 to 3,200 18 5

3,201 to 10,000 22 8

10,001 to 35,000 29 13

35,001 and over 29 20

TABLE XIII. Group C inspect i on.

Examination or test

Quarterly

Subgroup 1

Lou temperature storage
Low temperature operation
Thermal shock

Subqroup 2

Resistance to soldering heat
Rotational life
S~itch life ~/
Insulation resistance

Subqrou~ 3

Moisture resistance

Semi annua 1 ly

Subgroup 1

Load life
Salt spray (corrosion)

Subgroup 2

shock (specified pUISe)
Vibration, high frequency

Requirement
paragraph

3.10
3.11
3.12

3.16
3.17
3.18
3.19

3.15

3.13
3.14

3.20
3.21

t4ethod

~

4.6.5
4.6.6
4.6.7

4.6.11
4.6.12
4.6.13
4.6.14 ‘

4.6.10

4.6,’8
4.6.9

4.6.15
4.6.16

,..

‘Ntier of samples
tested

1
6

1
16

10 of the highest
value’in
product ion

~ Not applicable to locking-type-bushing resistors.

Nu_ber of
failures alloued

1

.1 1

I
,1

“1
1

1

7
I

1

--
,,
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4.5.1.3.2 .Distuxitionof sarmle units. Sample units ~hich have passed al 1 the group B, inspection may be
delivered on the contract or purchase order, if the lot is accepted.

4.5.1.4 Gro UD C inspection. Group C inspection shall consist of the tests specified in table XIII, in
the order shonn. Separate ssnples of the size required by table XIII shal 1 be used for each subgroup
listed.

4.5.1 .4.1 semp [inq P (an. The nu’her of sample units to be inspected shat 1 be in accordance Hi th
table XIII, and shall be of the same style currently in production. These sa~le units shal 1 have passed
all groups A and B tests.

4.5.1 .4.2 Dismsition of sanmle units. Sanple units subjected to group C inspection ahal 1 not &
delivered on the contract or purchase order.

4.5.1 .4.3 Noncom 1 iance. If a sample fai 1s to pass group C inspection, the manufacturer shal 1 notify the
~lifying activity and cognizant inspection activity of such a failure and take corrective action on the

.
materials or processes, or both”, as warranted, and on al 1 units of production which can be corrected and
uhich were manufactured under essentially the same materials and proceaaes, and uhich are considered subject
to the same fai lure. Acceptance and shipnent of the product shal 1 be discontinued unti 1 corrective action
has been taken. Group B inspection shall be repeated on additional ssnple units (all inspections, or the
inspection which the original sample failed, at the option of the qualifying activity). Groups A and B
i~pection may be reinstituted; however, f ina( acceptance and ahipnent shal 1 be withheld unti 1 the group C
inspect ion has show that the correct ive action Has successful. In the event of fai lure after reinspection,
information concerning the fai lure shal [ be furnished to the cognizant inspection activity and the
qus(ifying activity.

4.5.2 Inspection of Dacka9ing’. The sampling and inspection of the preaervation, pecking, and container
mrking shal 1 be in accordance uith the requi rementa of 141L-R-39032.

4.6 klethods of examination and test.

4.6.1 Visual and mechanical examination. Resistors shall be examin&l to verify that the materials,
design, construction, physical dimensions, marking, and uorkmsnship are in accordance with the applicable
requirements (see 3.3 to 3.4.6, 3.4.7 to 3.4.11, 3.24 to 3.25.3 inclusive).

4.6.2 Dielectric withstanding voltage (see 3.71.

4.6.2.1 Atmospheric pressure. Resistors shal 1 be tested
The follo~ing details shall apply:

a. Test potential: 900 volts root-mean-square (rms).

b. Potential: From an alternating-current (at) SUPPLY

c. Points of, application of test voltage: Between the
portions of the resistors and metal mounting plate.

in accordance with method 301 of HIL-STD-202.

at comnerci al line frequency and Havef orm.

terminals tied together and al 1 external metal
,,

d. Examination and measurements: Ouring the tests, the leakage current shal 1 be measured. At the
conclusion of the test, resistors shal 1 be axamined for evidence of mechanical damage.

4.6.2.2 Baranetric pressure. Resistors shal 1 be tested in’ accordance uith method 105” of 141L-STD-202. A
potential of 450 volts rms (or as s~cified, see 3.1), from an alternating-current at, commercial line
frequency, and waveform of not more than 100 hertz shal 1 be” applied for 1 minute between at [ termimls
connected together and bushing.

4.6.3 DC resistance (see 3.8). Resistors shal 1 be tested in accordance with method 303 of HIL-STD-202.
The follo~ing detai 1s sha~l apply:

a. kleasuri rm aooaratus: kleasurinq instruments used ‘for initial and final readings of this test. can be
of diffe~en~’ styles or models
cat ibratd in accordance Hi th

,,

&ovided the performance is equivalent. Al 1 te~t equipnent shal I be
kil L-sTD-45662.
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14easurement energy for electronic test ~uipment: The measurement energy applied to the unit under
test sha( ( not exceed 10 percent of the +25”c rated wattage times 1 second.

Test VOI tage for bridges: Measurements of resi sta&e sha [ [ be made by using the test .vol tage
specified in table XIV. The test voltage chosen, whether it be the maxi~ or ‘a lower, voltage Hhich
~ou[d sti ( 1 provide the sensitivity required, shall be appl i ad across the terminals of the resistor.
This same VO[ tage shal 1 be used uhen ever a subsequent resistance nieasurement is made.

,.

TABLE XIV. DC resistance test voltage.

Total resistance Max i mm
nominal test voltage

,.

6.6.3~1 Tota( resistance (see 3.8.1). The tota[ resistance of resistors sha[ 1 be measurec, between the
terminals of the resistance element ~ith the contact arm against at the lo~-resistance end of the taoer.
The resistance va[ue obtained shal I be compared iiith the s&ci f ied nc@inal total resistance.

,,

4.6.3.2 Resistance taper (see 3.8.2). Fo[ lowing. the measurement of total resistance, a resistance
measurement sha( I be made at 30, 50, 70, and 100 percent of electrical rotation”. The percent of measured
resistance verse percent of electrical rotation shal 1 be determined from the values obtained as fol lows:

.. Tax?r A (linear)
. .

(Fran O to 100 percent electrical rotation)

Resistance x 100
Percent measured resistance = ,,

Total resistance measured :

Tapers C and F, (nonlinear)

(From O to 50 percent electrical, rotation)

Resistance x 100
Percent measured resistance =

Heasured resistance at 50 percent rotation x 10

(From 50 to 100 percent electrical rotation)., ,-

,,
Resistance, x 100

Percent mqasured resistance =
Tota 1 measured resistance

,. ;,,. ,,,

,,
,“,

,. ,”,

,,

!, >,
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4.6.3.3 Minimum resistance (see 3.8.3). The contact arm shal 1 be rotated to its extreme counterclocktiise
limit of mechanical rotation. With the arm in this position, the resistance between the left terminal and
the center contact terminal shal 1 be measured. The contact arm shall then be rotatedto its extr~
clockwise limit of mechanical rotation. With the arm in this position, the resistance betueen the,, right
terminal and the center contact terminal shal 1 be measured. For resistors uith, actuated switches, the
minimum resistance sha~ 1 be measured with the switch on the exact point ~here the shaft actuator makes
mechanical contact with the switch actuator when moving so as to begin to turn the switch off. Minimum
resistance shall also be measured with the switch at the off position (see 3.8.3):

4.6.4 Toraue (see 3.9}.

4.6.4.1 Mounting. The resistors shalt be mounted by their normal mounting means, and a maximun of 10
inch-pound torque shal 1 be used in tightening the mounting nut.

4.6.4.2 Operating (see 3.9.1). The torque requi red to rotate the contact arm on the resistance element
shal 1 be determined throughout the entire range of mechanical ,rotation by the torque wench method or by any
other method satisfactory to the qualifying activity.

4.6.4.3 ~tOP (see 3.9.2). Resistors shal 1 be mounted on a metal panel by their normal mounting means.
The contact arm shal 1 then be rotated to each extreme 1 imi t of mechanical rotation and the specified torque
see 3.1) applied through the operating shaft to the stops.

4.6.4.4 Locking (see 3.9.31. Resistors shal 1 be mounted on a metal panel by their normal mounting means
and set at approximately 40 percent of the resistance value (measured between” the counterclockwise end

terminal and the center tap). The locking device shal 1 be tightened with a torque not greater than that
specified. Uith the locking device tightened, the operating shaft shal 1 withstand the specified torque (see
3.1). Movement of the shaft shalt be checked visuatly and resistors shall be examined for evidence of
damage. The total resi stance shal 1 be measured.

4.6.5 Low temperature storage (see 3.10). The total resistance shall be measured at +25° C +1O”C, -5”C.
Uithin 1 hour after this measurement, resistors shal 1 be placed in a chamber at a temperature of +25”c
+1 OOC, -s”c. The temperature in this chamber sha[ [ be lowered to -63°C +O”C, -2°C within a minimum period
of 3 hours. Twenty- four hours after the resistors have reached this temperature, the temperature of the
chamber shall be graduatly raised to +25° C +1 O”C, -5°c within a maximum period of 8 hours. Resistors shall
then be removed from the chamber and maintained at +25”c +IO”C, -O”C for a period of approximately 72 hours,
after which the’ tota~ resistance sha[ 1 be measured.

4.6.5.1 C!uaiity conformance inspection. At the option of the manufacturer, the sample units may be
placed in or removed from the test chamber whi Ie the chamber is at the extreme low temperature.

4.6.6 Low temperature operation (see 3.111. The total resistance shal 1, be measured at +25”c +10”C8 -5*C.
The resistors shall then be placed in a chamber at +25° C +1O”C, -5”c and the temperature in the chamber
shall be lowered to -55”c +1 O”C, -5°c with a minimum period of 1 hour 30 minutes. After 1 hour *15 minutes
of stabi 1 izat ion at this low temperature, rated continuous working vottage (see 3.1), shall be applied for
45 minutes across the resistance element between one end tecminal and the contact arm, with the contact arm
against the opposite stop. The resistors shal I then be allowed to stabilize for 1 hour *15 minutes and the
torque necessary to ef feet rotation of the contact arm shat 1 be measured. Following this measurement, the
temperature shall be gradually raised to +25°C +1O”C, -5°c within a period of 24 hours. The resistors shall
then be removed from the chamber and maintained at +25°C +1O”C, -5°c for approximately 24 hours; after which
the totai resistance shal ~ measured (see 3.1).

4.6.6.1 Qualitv conformance inspection. At the option of the manufacturer, the extreme LOW
may be -63”c +O”C, -2°c and the sample units may be placed in or
chamber is at the extreme high or low temperature.

4.6.7 Thermal shock (see 3.12). Resistors shall be tested in
The following detai 1s and exceptions shal 1 apply:

removed from” the test chamber

accordance with method 107 of

a. Test condition letter: A.

temperature
white the

MI L-STO-202.

b. Measurement before cyc 1 i ng: Total resistance shall be measured as specified in 4.6.3.1.
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Measurements after cyc 1 ing: Total resistance shall be measured as s~cified in 4.6.3.1. Continuity
,,

of the contact arm ‘sha[ I be verified by connecting a vacuun tube voltmeter or other suitabte
indicating device, between the contact arm terminal and the counterclockwise emd terminal. The
a~lied voltage shal [ be in accordance uith table XIV.

Examination after test: Resistors shal 1 be examined for evidence of mechanica(

4.6.8 Load Life (see 3.’132.

6.6.8.1 Test conditions. During this test, resistors uith a diameter of 2 inches (5

damage.

m) or ess shal
mn) thicbe mounted with their terminals positioned downward on a 4 inch (102 inn) square, .050 inch (1 .27

stee~ panel in sti(( air. Sti 11 air is surrounding air with no circulation other than that created by the’
heat of the resistor being operated. Shielding shall be located no closer than 12 inches (304 nsn) frcm the
panel. This test shal 1 be conducted at a temperature of +40”C i5° C, Mhenever possible.

4.6.8.2 Procedure. Fol louing a measurement of resistance uithin the chamber, at test tenp&ature, rated
~attage (see 3.1) shal 1 be applied 1 hour 30 minutes ‘ton!! 30 minutes IIofflt for a total of 1,000 ,hours
thrwgh the contact arm and one resistance element terminal, so that rated wattage is dissipated across the
entire resistive element. Adequate precaution shal 1 be taken to maintain constant uattage on resistors
under test. Resistance measurements shal 1 be made at the end of the 30 minute $’of ft! periods after 100 t8,

,.

200 *8, 500 *12, and 1,000 t12 hours have elapsed. ..”’
,“

4.6.9 Salt spray ( corrosion) (see 3.141. Resistors shall be nwnted on an aluninun panel (2 S), with
their terminals positioned downward and tested in accordance uith method 101, test condit ion A, (salt
solution 5 percent) of MI L- STD-202. At the conclusion of the test, the resistor covers, i f any, sha[l be
removed, the resistors shal 1 ‘be thoroughly rinsed in clear tap water, and then be permitted to dry”’ for 24 ,t4
houra at +40”c z2”c. Resistors shal 1 then be examined for evidence of damage and corrosion. The resistors
shal 1 be tested for elect rica( continuity between the end terminals and contact arm terminal’ and each e,nd
terminal over the total mechanical rotation.

,,

4.6.10 Moisture resistance’ (see 3.15). Resistors shal 1 be tested in accordance with method 106 of ,,
MI L-STD-202. The fo~louing details and exceptions shall apply:

a.

b.

c.

d.

Mount ing: On a noncorrosive metal panel ~ith operating shaft in a horizontal position and radial
terminals pointed downuard. ,,

Initial measurements: Resistance shal 1 be measured as specified in 4.6.3 and insulation resistance
shall be measured as specified in 4.6.14.

Load: During steps 1 and 4, a dc voltage corresponding ‘to 65 percent’ rated wattage (see 3.1) shal 1
be applied for the first 2 hours of each step to al i resistors. The VO[ tage sha 1 [ be app[ ied across
the left terminal and contact arm, Hi th the operating shaft rotated to the maximun clockuise
position (see” figure 1).

,,

Final measurements: At the end “of the last cycle and iihile the’ resistors are stilt in the test
chamber at the high htsnidi ty condi t ion, total resistance shal 1 be measured as speci”f ied in b. above.
Fol louing this measurement of total resistance, and for purposes of performing the insulation
resistance and dielectric withstanding voltage tests, the test chanber may be opened in order to
make the necessary elect ri cal connect ions. These tests shal 1 be performed after chatir ‘has been
returned to the high hmidi ty condition for at least 1 hour. Insulation resistance shall be
measured between al 1 the resistor terminals connected together and the mounting bushing, using a dc
potential of 100 volts. Dielectric withstanding voltage shall be tested as specified in 4.6.2.1.
except’ that the test potent ial applied to the resistors shal 1 be 250 volts., The subsequent 24-hour
conditioning pericd and measurements do not apply. .,

4.6.11 Resistance to so[dering heat (see 3.161. . Resistors shal 1 be, tested in accordance with method 210
of MI L- STD-202. The following detai 1s shall app(y:

a. Measurement before test: DC resistance shal~ be measured as specified in 4.6.3.

b. Test condition letter: A. I
,,
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c. Depth of i~ersion in the molten solder: To a point .125 to .1875 inch (3.18 to 4.763 tnn) from the
resistor body.

d. Examinat ion and measurement after test: Four hours
resistance shal 1 be measured as specified in 4.6.3.”
mechanical damage.

,,.
4.6.12 kotationa~ life (see 3.172.

t30 minutes after ccsnpletion of test, the dc
Resistors sha[ 1 be examined for evidence of

4.6.12.1 Mounting. During this test, resistors shall be centrally mounted on a 4 inch (102 mn) square,
.050 inch (1.27 nm) thick, steel panel, with their terminals positioned downward. Care should be taken to
insure that side thrust is minimized by the proper atignment of the resistors shafts with the drive shafts.
The resistors shal 1 be ganged in pairs and each pair shal 1 be connected in series as shoun on figure 5 so
that a nominally constant current f lows through the resistors irrespective of the contact arm position
during osci ttation of the shafts. The shafts shalt be so connected mechanically that they will turn
simultaneously in the same direction. When performing this test on lacking bushing type resistors, the
locking nut shal 1 be removed.

RESISTOR 1 RESISTOR 2

—+-VW-O” ~
LEFT 4 RIGHT LEFT

4
RIGFIT

TERMINAL TERMINAL TERMINAL TERMINAL

“- — — — — — — — — — — .“

4.6.12.2 Rotation. A
entire resist ive element
then be aml ied as shown

1.
‘1 I
I ‘1

DC SUPPLY

FIGURE 5. Rotational life test circuit.

dc potential equivalent to that required to dissipate rated wattage across the
of resistors having the same nominal total resistance as those under test, shall
on .f igure 5. Resistor shafts shal 1 then be continuously osci 1 lated through not

[ess than” 98 percent of the to~al mechanica~ rotation (see figure 1), at the rate of approximately-10 ~2
cycles per minute for not less than 4,000 cycles per day for a total of 25,000 cycles. Locking bush ing
types shall be rotated for a tota~ of 500 cyc~es. The contact arm shal 1 osci 1 late over the end of the
element to which connect ion is made and proper contact of the contact arm with the winding shal 1 be
maintained. Total resistance of resistors shall be ascertained at the, end of every 5,000 cycles for all
ies istors except the 1ock i ng bushing type. The rotational 1 i fe test sha[ I be conducted at room ambient
temperature. .

4.6.12.3 Qua(itv conformance inspection. At the option of the manufacturer, the sample units may be
rotated at a rate of 8 to 30 cycles per minute.

4.6.13” Switch life (see 3.18~. A current of 3.0 ampere f(owing through a carbon larrp or a wire-wound
resistor load with an ac rms potential of 117 volts t10 percent applied, applied at commercial line
frequency and waveform of not more than 100 hertz, shal 1 be interrupted 15,000 times by the operation of the
switch. Switch contact resistance shal 1 be measured both before and after the 15,000 cycles of on-off
operat ion. At the conclusion of the test, resistors shal 1 be examined for evidence of damage. This test
shall be conducted concurrently with the rotationa[ life test specified in .4.6.12.
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1

4.6.14’ Insulation resistance (see 3.19). Resistors shal 1 be tested in accordance ui th method 302 of
HIL- STD-202. The follouing detai 1s shall appiy:

a.

b.

c.

Test condition letter: A: ‘ ,,.

Special’ preparation: Resistors shal I be mounted on metal plat,es of sufficient size to extend beyond
the resistor extremities, and in such a manner that measurements can be made between the terminals
tied together” and any other external metal parts: ,.

Points of measurements: Between the terminals connected together and al 1 external meta( portions of ,”
the resistors arid metal mounting plate.

4.6.15 Shock (sc.ecified w lse) (see 3.20). Resistors shal 1 be tested. in accordance uith method 213 of
UIL-STD-202. The, fo( loHing detai 1s “aid exceptions shal 1 apply:

.,

a. Mounting: Resistors shall be mounted by their normal “inounting means and affixed on an appropriate
mounting fixture. A suggested mounting fixture sha(( be constructed in such a manner as to insure
that the mounting supports remain in a static condition with reference to the shock test tab[e.
Test leads used during this test shall be as sma(( a wire size as’ practicable (e. g., AUG 22
stranded) so the influence of thetest lead on the resistor Hill be held to a minimun. The test
lead length shall be no longer than necessary. In all cases, the resistorsshall be ,munted in
relationto the test equipment in such a manner that. the stress armlied is in the direction ~hich

.,
b.

c.

d.

,. e.

f.

would be considered most detrimental. The contact arm shall be p&itioned at the approximate
midpoint of the resistance element.

,.,

Measurements after mounting: Tota[ resistance shal[ @e measured as specified in 4.6.3.1; the
,resistance shall be measured between the contact arm terminal and termitial nt.arber one.

Test condition: C.

Motion: Resistors shall be subjected to a total of 20 i,mpacts (five blous in each of tuo direc(
in each of tuo mutually perpendicular planes). One of the test p(anes used shall be perpendicu
and th,e other parallel to the longitudinal axis of the operating shaft.

ions
ar

Measurement during test: Each resistor shatl”be monitored to determined momentary discontinuity by
a method which shall, at least, be sensitive enough to nionitor or register automatically any nxsnentary
discontinuity of 0.1 millisecond or greater duration. ,,

Measurements and examination after test: Total resistance shall be measured as sp6cified in
4.6.3.1; the resistance shall also be measured bitween the contact arm terminal and terminal n-r
one: Resistors shall then be examined for evidence of mechanical damage.

4.6.16 Vibration, hicth frequency ( see 3.2i). Resistors shall be tested in accordance ~ith method 204 of
MI L-STD-202: The following details and exceptions shall apply:

a. Mount i ng: By normal mounting means and affixed to an appropriate nonresonant nnunting fixture. A
suggested mounting “fixture is shown on figure 6.” The mounting fixture shall be construct in such,
a miriner as to insure that the points of the resistor mounting supports shall have the same nwtion
as the vibration test tab[e. Test ~eads used dur,ing this, test ‘shall be as small as practicable
(e.9., ‘AUG size 22, stranded) so that the influence of the test lead on, the resistor shall be held
to a minimun. The test Lead ‘lengths shal L be no longer than necessary. A shielded cable which may
be necessary because of the field surrounding the vibration test table, shal 1 be clanped to the
mounting fixture. In a[[ cases, resistors sha( 1 be nw?unted in relation to the test equipnent in
such a manner that the stress applied is in the direction which would be considered the most
detrimental. The contact arm shal 1 be positioned at the approximate midpoint of the resistor
element.

b.

c.

Measurements after nwnting: Tota(’ resistance shall be measured as specified in 4.6.3.1; ‘resistance
sha( 1 also be measured betueen the contact arm .termina( and terminal t-tuber one.

Test condition: Ci part two.
,,, .,.
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e.

f.

1.00 OIA
15 HOLES

HIL-R-19C

Iriches
1.00
1.50
4.00
9.00

Inn
25:40
38.10

101.60
228.60

FIGURE 6.

,,

Suggested mount i ng f i xture and resistor mounting plate for shock tests.

Motion: In each of tuo mutually perpendicular directions, one perpendicular and the other parallel
to the longitudinal axis of the resistor.

Measurement during test: Each resistor shal 1 be monitored to ,determine momentary discontinuity by a
method which shal 1 at least be sensitive enough to monitor or register autunatical ty any momentary
discontinuity of 0.1 mi L Lisecond or greater duration. A measurement of transient resistance change
betueen the contact arm terminal and terminal one shal 1 also be made.

Measurements and examinations after test: Total resistance shal 1 be msasured as mecif ied in
4.6.3.1; resistance shal ( also be measured betueen the contact arm terminal and te~minal one.
Resistors shal [ then be examined for evidence of mechani cat damage.

4.6.17 Solderability ( see 3.22~. Resistors shall be tested in accordance with method 208 of HIL-sTD-202.
The following detaiis shalt apply:

a. All three terminals sha~l be tested.,

b. No special preparation of Leads is required.

c. Steam aging shall apply.
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d. Terminals shall be dipped within.125 inch (3.181nn) of body. A(I three terminals shall be dippad
simultaneously uhenever possible. Uhen configuration is such that terminals cannot be dipped
simultaneously, “the .125 inch shall apply to the terminal on whichever it occurs first when all
three termi~ls’ are dipped in an orientation uhich most nearly meets the above requirement.

,.,

e. Evaluation for tab terminals shall apply.

4.6.18 Fungus (see 3.23). Resistors shall be teated in accordance with method 508 of MI L; STD-810.
Resistors shall be examined for evidence of mechanical damage.

5. PACXAGING
.,

5.1 Packaqinq. ‘The requirements for packaging shall be in accordance with MI L-R-39032.

6. NOTES

(This section contains information of a general or explanatory nature that may be helpful, but is not
mandatory. ) ,,

6.1 Intended use. Resistors covered by this specification are intended for use in electronic ~Uiwnt,,
and are used for matching, balancing, and adjusting circuit variables in computers, telemetering kquipinent,
and other applications.

6.2 Acquisition docunents. Acquisition documents should specify the following:

a.

b.

,C.

d.

e.

f“.

Title, ntier, and date of

Title, nunber,” and date of
and 3.1).

Levels of preservation and

this specification.

the applicable detail “specification, and con@ete PIN (see 1.2.1

packaging, packing, and applicable marking (see section 5).

Mounting hardnare (see 3.4. 8).

Mounting nut dimension across hexagonal flats, as applicable.(see3.1).

Location at which inspection shall be made if other than suppliers facilities or commercial
laboratory (see 4.1).

6.3 Qualification. Uith respect to products requiring qualifications, awards will be msde only for
products uhich are, at the time of auard of contract, qualified for inclusion in Qualified Products List, No.
19 ~hether or not such products have actually been so listed by that date. The attention of the contractors
is called to these requirements, and manufacturers are urged to arrange to have their products that they
propose to offer to the Federal Goverrmnent tested for qualification in order that they may be eligible to be
a~arded contracts or wrchase order’ for the products covered by this s~cification. The activity
responsible for the Qualified Products List “is the US Army Research Laboratory,, Electronics and Pouer
Sources Directorate, ATTN: AMSRL-EP-RD, Fort Momnbuth, NJ 07703-5302, however, infor~tion pertaining to
quaUiffcation of products My be’obtained frcsn the Oefense Electronics Supply Center (DESC-ELDM), 1507
Wilmington Pike, Oayton, 0H,45444-5283 ard information pertaining to qualification of pro$iucts may be
obtained from the activity. ”

6.4 Dissimilar metals. Unless suitably protected, metals such as brass, copper, or stee( shouid’not be
,. used in intimate contact with aluninun or aluninun ,alloys.

6.5 Power rating. The po~er ratings given on the detail specifications ,(see 3.1) apply at temperatures
‘~ to +40”c, uith the resistors mounted on metallic panels thermally equivalent to those specified in
4.6.8.1. Resistors operated at anbient temperatures above +40”c should be derated in accordance with
figure4. Satisfactory operation cannot be assuned at any temperature, if the resistor is not hounted on a
metallic panel thermally equivalent to that specified in 4.6.8.1. Such a panel serves as a “heat sink” and
dissipates sane of the heat generated in such a resistor.

6.6 Nominal maxim-m current rating. The nominal msximun current rating .of resistors is as shown in,.
table” XV uhere U’is rated wattage for taper A (linear) resistors and R is the nominal total resistance.
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TABLE XV. Maximun ~ rmissible current.

, m

Resistor ‘ High’ resistance Low resistance
section

Taper A (linear) fl/R

Taper C and F
(nonlinear, 10 percent) 0. 745~W/R 2.24 ~

R

6.6.1 Sug9ested mounting fixture. A suggested mounting fixture for the shock and high-frequency
vibration tests is shown on figure 6.

6.7 Selection and use information. Equipnent designers should refer to MI L-STD-199, “Resistors,
se(ection and use ofti for a selection of standard resistor types and values for new equipinent designs.

“Application and use information concerning these resistors is also provided in MI L-STD-199.

6.8 Retinnin~ leads. If retinning (hot solder dip) of the [eads”is required (see 3.4.6.1).

6.9 Subiect term (key uord) listing.

Potent i ometer

6.10 PIN. PIN is a new term encompassing terms previously used in specif
type des~ation, identification nmber (see 1.2.1).

cations such as part *r,

6.11 Changes frcm the Drevious issue. Marginat notations are not used in this revision to identify
changea with respect to the previous issue due to the extensiveness of the changes.

*
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.,
APPENDIX

PROCEDURE FOR QUALIFICATION INSPECTION’
,,’

10. SCOPE “
,,

,,
10.1 ~. This’ appendix details the procedure for submission of sanples, with related data, for

qualification inspection of resistors cover@ by this specification. The procedure for extending
qualification of required sanple to other resistors covered by this specification is also outlined herein.
This appendix is a mandatory part, of this specification. The information contained herein is intended for
CUIIP( iance.

20. APPLICABLE DOCUMENTS. This section is not applicable to this docunent.

30. SUBMISSION

30.1 Ssnmle.

30.1.1 Sin9(e twe sulxnission. A sample consisting of 42 specimens of each t~ for which qualification
is sought shall be submitted. ,,

,,

30.1.2 Conbind’’tme sutnnission. For qualification of either the standard bushing or the locking bushing
type resistors, a sample consisting of the nunber of sanple units specified in table XVI shall be submitted
in the highest resistance value for each style and lot coverage for uhich qualification is sought. -To
receive qualification of Locking bushing type resistors uhen standard bushing type resistors have been
sutxnitted, an additional sample of locking bushing type resistors consisting of the ntier of specimens
specified in table XVII shall be sulxnitted. If resistors are not all of the same basic design, sa~le
resistors of each alternate design shalt be submitted.

Lot

1
2
3y

4

5

3333

Quantity
in the

same
style

30
30
30
30
18
15
18
15
18
15
30

Taper

A
c
A
c
A
A
c
c
A

,A
c

TABLE XVI. Sanu)le for qualification inspection.

Suitch

None,
None
None
None
None
SPST
None
SPST
None
SPST
None

Inspection groL

1
1 to 30 1 to.6
1 to 30 lto6
1 to 30 lto6
1 to 30 lto6
1 to 18 1 to’4
1 to 15. land2
1 to 18 lto4
1 to 15 land2
1 to 18 lto4
1 to 15 land2
1 to 30 1 to 6

see tabl

111

7 to 12
7 to 12
7 to 12
7 to 12
5t08

3apd4
5t08

3and4
5 to 8

3and4
7 to 12

Smecimm nmbers

13 to 18,
13 to 18
13 to 18
13 to 17
9 to 12
5 anc’6
9 to 12
5and6
9to12
5andi5

“13 to 18

v

19 to 24
19 to 24
19 to 24
19 to 24
13 to 15
.7 to 12
13 to 15
7 to 12

13 to 15
5and6

19 to 24

VI

25 to30
25 to30
25 to 30
25. to 30
16 to 18
13 to 15
16 to 18
13 to 15
16 to,18
13 to 15
25 to 30

1/ For lots 3 and 6. rumbar of allouable defective ahom in the last COIUNI of table VI bIill awly
individually, to the sulxnission that is made in each resistance taper. For a(( other lots, the *r
of a[~.owable defective wi(( be as shown in table VI.

., .,,
,.

,,
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APPENDIX

TABLE XVI 1. SamOles for qualification inspection of additional
locking bushing t~s. “

,.

30.2 Test data. ” Each submission shal 1 be accompanied by test data covering the nondestructive tests
listed in table VII or VIII which have been performed on the sutxnitted sanple units. The performance of the
destructive tests by the supplier on a duplicate set of sample units is encouraged, although is not
required. All test data shall be sutsnitted in duplicate.

30.3 Certificate of material. Uhen submitting san-ple for qualification, the manufacturer “sha[ 1 Mkanit
certification, in duplicate that the materials used in his components are in accordance with the applicable
specification requirements.

30.4 Description of items. The manufacturer shal 1 submit a detai led description of the resistors being
submitted for test, including a description of csse material, wire type and size, bushing, shaft, terminal,
and mount ing hardware.

40. EXTENT OF QUALIFICATION

40.1 Single t= submission. Qualification as shown in the type submitted.

40.2 Combined t~e submission. Qualification within a style and characteristic shall be shown in
table XVI II. Qualification of resistors ~ith standard (N) type bushings shalt qualify resistors uith
sealed (S) type bushings. Conversely, qualification of resistors with” sealed (S) type bushing sha~l qualify

“resistors with standard (N) type bushing. Qualification of resistors with locking (L) type bushing shall
~lify resistors with sealed (T) type bushings. Conversely, qua( if i cation resistors with sealed (T) type
bushings shatl qualify resistors uith locking (L) type bushings.

TABLE XVI I I . Extent of qualification.

Lot Qualification coverage

1 Al ( resistance values between the’ highest and al 1 [ower value and al 1 lower values
for ~hich qualification is sought; taper A, uithout switches.

2 Al i resistance values between the highest value and al 1 louer values for which
qualification is sought; taper C, uithout switches.

3 Al 1 resistance values betueen the highest values and al 1 lower values for which
qualification is sought; al 1 tapers, tiithout switches.

4 Al 1 resistance values betueen the highest value and at 1 lower vaiues for uhich
qualification is sought; taper A, ~ith or without switches.

,s~ Al ( resistance values between the highest value and al 1 tower values for uhich
qualification is sought; taper C, uith or without switches.

6 II Al 1 resistance values bet~een the highest value and at i tower values for which
qualification is sought; al 1 tapers, with or without switches.

~ ln the event of suitch fai lure only, qualification ui t 1 be granted as stated, except for
suitches.
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